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Abstract. 2014 The hydrodynamic equations describing the macroscopic behaviour of chiral smectic C are presented.
To derive these equations the nature of the spontaneously broken continuous symmetries is considered and their consequences for the hydrodynamics are pointed out. Similarities and differences to achiral smectic C and cholesteric liquid crystals are investigated in some detail. The influence and the consequences of ferroelectricity on the hydrodynamics, in particular on the structure of the normal modes, is discussed. In two appendices we study flexoelectric and electrohydrodynamic effects for various other liquid crystalline phases.
J. Physique 45 (1984) Contrary to other liquid crystals like uniaxial and biaxial nematics, smectics A, and the usual tilted smectic C phase, SmC* is chiral and « ferroelectric » [1] thus giving rise to a number of interesting phenomena which derive mainly from the latter two properties.
As all smectic phases, the C* phase is layered. In addition the molecules enclose with the layer normal (denoted by p) a finite angle. Within a layer all molecules point on average in the same direction characterized by the director n. From one layer to the next, however, the orientation of n changes giving rise to a helicoidal structure of n with a pitch of typically 1 45 , N° 3, MARS 1984 Simultaneously one has a polarization p° which is perpendicular to both, the layer normal p and the director n -thus the polarization lies always in the plane of the layers.
In the present paper we derive in a first step the hydrodynamic equations for chiral smectics C (neglecting all effects related to electric fields and polarization) ; i.e., we focus on the long wavelength, low frequency behaviour. In a second part we include « electric » effects, thus providing a complete macroscopic description of SmC*. In particular, we will elucidate the differences to achiral smectic C and cholesteric liquid crystals.
Most experimental and theoretical work which has been dedicated to the investigation of chiral smectics C concentrated on the unusual « ferroelectric » properties and their applications (cf. Refs. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] and references cited therein). In addition there have been studies on defects [21] [22] [23] [24] and on the phase transition behaviour near a tricritical point (SmA-SmC-SmC*) in a magnetic field [25] . 37 The hydrodynamic description of liquid crystals (as classical systems) has turned out to be a powerful tool and it has been done for uniaxial nematics [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] and references cited therein], biaxial nematics [36, 37] , cholesterics [38-42, 30-32, 34, 35] , smectics A and achiral C [30] [31] [32] 34] and even for the recently discovered [43] incommensurate phases of smectic E [44] and for the various discotic phases [45, 46, 35, 34] . A hydrodynamic description of chiral smectic C, however, seems to be missing so far, because all previous authors concentrated on the Ginzberg Landau free energy to describe the behaviour of these phases near the transition to SmA. Concerning the dynamics there seem to exist only various purely relaxative models [3] in connection with mean field dynamics near the phase transition SmC* ± SmA.
The present paper is organized as follows. [31, 47, 48] due to the long range electric interactions.
To lowest order in the wavevector we find that the results for normal modes are unchanged when compared with section 2.
Up to now the influence of external electric fields has been discarded. An external field does not only influence the dynamics of Ui via piezo-, flexo-and ferroelectric effects, but changes also the tilt angle (between n and p) via the (E.P) contribution to the free energy. Without an external field this term is of fourth order and can be neglected. In a sufficiently strong external field this situation changes and the tilt angle becomes a macroscopic quantity, although it is neither a conserved variable nor connected with a broken symmetry. The k-independent electrodynamic behaviour of this quantity, however, goes beyond the scope of the present paper.
Conclusions.
In chiral smectics C the two spontaneously broken symmetries give rise to two additional hydrodynamic variables : U', the displacement of the layers (UA x p = 0) and Uc, the displacement of the helix (U' x p = 0). We find reversible dynamic couplings between these variables and the momentum density as well as static and dissipative couplings between UA and U' even in a linearized theory. The resulting normal modes (excluding electric effects) contain two propagating sound like excitations, one which is mainly a density or compression wave (first sound), the other which is essentially an excitation of the combined oscillations of UA and U' (layer and helix) and the longitudinal momentum (p. g) ( [61] and smectic A liquid crystals [59] . For ferroelectric smectic C the Ginzburg Landau type contributions have been discussed in references [1] [2] [3] [4] ,piezoelectric term in cholesteric liquid crystals is due to the lack of inversion symmetry in this system (cf. also the corresponding for chiral smectic C in section 3). I.e., the existence of a pseudoscalar quantity in cholesterics becomes also apparent in the flexoelectric properties.
In the biaxial achiral smectic C phase we have two spontaneously broken continuous symmetries : one is the displacement UA like in SmA; the other 6n = (p x n). bn characterizes the broken rotational symmetry in SmC (perpendicular to the layer normal and to the director of the molecules n !). As is well known [30] [31] [32] by symmetry arguments. The physical importance of these terms seems to be at least questionable because they contain second derivatives of V !
